Introduction
As part of an evaluation of alkaloids as a gener ic character in the tribe Genisteae, we investigated the monotypic genus Spartium L. The virgate al most leafless shrubs of Spartium junceum L. are widely distributed around the Mediterranean. This species is known as a source of quinolizidine alka loids with a-pyridone nucleus [1] . In this paper we report the distribution of alkaloids in nine individ uals taken from different provenances.
Our aim also was to test the seasonal influence on the alkaloid content and pattern in the different organs of the plants. It was assumed that signifi cant results could be obtained only, if several pos sible sources of variation are accounted for in the sampling. Only those data should provide impor tant informations on the value of alkaloids as character for taxonomic research.
Experimental

Plant materials
Plants of Spartium junceum were collected from different localities (Table II) .
Extraction procedure
Air dried plant material was extracted as pre viously described [2] . Two independent extractions were performed for each plant sample.
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Gas-chromatography
Capillary GC was performed according to pub lished conditions [2] . For capillary GC/M S we used a Carlo Erba gas chromatograph (type 5160) equipped with a J & W DB 1 capillary column (0.32 mm x 30 m), coupled directly to the quadrupole mass spectrometer Finnigan MAT 4515; car rier gas: He; split 1:20; injector 250 °C; tempera ture program: 150-300 °C 6 °C/min; electron energy 45 eV. Retention indices were calculated using co-chromatographed standard hydrocar bons.
Reference alkaloids
Authentic samples of the following alkaloids were available to us: ammodendrine, sparteine, cytisine, N-methylcytisine, anagyrine, lupanine, baptifoline, epi-baptifoline.
N-acetylcytisine and N-formylcytisine were pre pared by refluxing cytisine with Ac20 and 98% H C 0 2H, respectively, according to published reac tion conditions [3, 4] , 
Identification o f the alkaloids
Results
A lkaloid pattem o f Spartium from Würzburg
Alkaloid extracts of buds, twigs (without wood, with primary and secondary thickening), flowerbuds, flowers, seeds (ripe and unripe), pods (ripe and unripe) and roots of Spartium junceum L. were analyzed. 15 alkaloids could be found in these ex tracts ( Fig. 1 / Table I ). 9 of these compounds were new for this species (see Table I ).
teetor. A, Alkaloids from seeds; B, alkaloids from twigs; 1, sparteine; 2, ß-isosparteine; 3, 11,12-dehydrosparteine; 4, ammodendrine; 5, N-methylcytisine; 6 , cytisine; 7, 5.6-dehydrolupanine; 8 , rhombifoline; 9, lupanine; 10, X I ; 11, cytisine-12-carboxy-ethylester; 12, Anagyrine; 13, epi-baptifoline. Similar to other genera of the Genisteae, e.g. L a burnum, Cytisophyllum [11, 12] , a great difference in the alkaloid content between various plant parts was observed, whereas the alkaloid pattern was quite constant.
The highest alkaloid concentration could be found in ripe seeds (1.42% dry wt.), compared to buds (0.72% dry wt.), flower buds (0.58% dry wt.), twigs with primary thickening (0.49% dry wt.), unripe seeds (0.44% dry wt.), flowers (0.40% dry wt.), unripe pods (0.30% dry wt.), leaves (0.28% dry wt.), ripe pods (0.04% dry wt.), roots (0.05% dry wt.) and finally twigs with secondary thickening (0.03% dry wt.). The seeds, pods and roots contained a very simple pattern, with cytisine as the main alkaloid. The twigs, buds, leaves and flowers however contained a more complex pattern of a-pyridone alkaloids, with cytisine, N-methylcytisine, anagyrine and rhombifoline as main compounds (Table I) .
Seasonal variation o f the alkaloid profile in twigs o f Spartium from Würzburg
To test the influence of seasonal variation on the alkaloid profile, we harvested twigs from our con trol plant at five different dates in 1987 (Fig. 2) and at eight different dates in 1988 (data not shown). The alkaloid analyses of these twigs de monstrated reproducible changes of the alkaloid pattern in both years. Besides the main com pounds cytisine and N-methylcytisine, the alka loids rhombifoline and anagyrine are accumulated in greater amounts.
In spring, two special features can be seen in the alkaloid pattern of the young twigs. First of all, the concentration of rhombifoline was maximal in spring (7.0% of total alkaloids) and decreased fur ther in the year. Second, in twigs harvested in april, N-methylcytisine occurred as main alkaloid of the plant. During the following months, the concentration of N-methylcytisine lowered, and cytisine becomes the main alkaloid of the plant. The high amount of N-methylcytisine in spring was already described for other a-pyridone-containing Leguminosae as Laburnum [11] .
A lkaloid patterns o f Spartium from eight other habitats
Samples from 8 different provenances and a control plant (Bot. Garden, Würzburg) were in vestigated for their alkaloid profile (Table II) . The investigations were performed with twigs, as these organs revealed a complex alkaloid pattern.
The samples corresponded well, especially con cerning the occurrence of the main constituents. This correspondence gets even clearer, if the sea sonal variation, determined on a control plant from the Botanical Garden Würzburg, is consid ered. The highest total alkaloid content was found in samples harvested in spring (samples from Boni facio and Lloret; see Table II ).
The alkaloid pattern of Spartium junceum L. with its main constituents cytisine, N-methylcytisine, rhombifoline, anagyrine and epi-baptifoline proved to be independent from the locality of the plant (Table II) . The specific accumulation of rhombifoline during spring time is a striking feature of Spartium junceum L. 
Discussion
Our results confirm that quinolizidine alkaloids may be of diagnostic value at the generic level. We found cytisine and other a-pyridone alkaloids, which are thought to be advanced characters [13] , as main alkaloids of Spartium junceum L. As al ready shown for Baptisia [14] and Virgilia [2] , we could not observe any qualitative differences be tween the individuals from different provenances.
The alkaloid pattern and concentration varies amongst the plant parts studied in this work. Table I reveals distinct differences between buds, twigs (without wood, with primary and secondary thickening), flower-buds, flowers, pods (ripe and unripe), seeds (ripe and unripe) and roots.
The high concentration of alkaloids and the very simple pattern in seeds seem to be of ecologi cal importance. Cytisine, the main alkaloid of the seeds, has shown to be an effective repellent [9, 15] and thus can contribute to the protection of the re productive organs.
The alkaloid pattern of Spartium junceum L. shows remarkable seasonal variations, which have to be taken into account, when alkaloids are used as phytochemical characters in taxonomic re search. In the green parts of the plant, the highest yield of alkaloids was found in early spring and then strongly decreases during the further year. In summer and autumn the alkaloids appear to be translocated and to accumulate in the reproduc tive organs, as former shown for Laburnum [11] and other genera of the Genisteae [16] .
Interesting changes in the alkaloid pattern can be observed during the seasonal variation of the alkaloid metabolism. N-methylcytisine and espe cially rhombifoline are present in greater amounts only in spring and disappear later in the year. The content of the tetracyclic alkaloid anagyrine de creases, too, during spring and early summer, but in the second part of the year this alkaloid increas es from 0.04% dry wt. to 0.05% dry wt. in 1987 (Fig. 2) and from 0.01% dry wt. to 0.1% dry wt. in 1988 (data not shown).
For the biosynthesis of the cytisine-type alka loids it has been postulated from pulse feeding ex periments with ,4C 0 2 that lupanine is converted into 5.6-dehydrolupanine, which is further oxi dized to anagyrine, rhombifoline, cytisine and N-methylcytisine. In these experiments rhombifo line appeared to be the first of the tricyclic bases to be formed from the tetracyclic ones [17] , The oc currence of rhombifoline was already demonstrat ed in several other species of the Fabaceae with a-pyridone alkaloids [7, 18, 19] . The presence of the rhombifoline in young twigs of Spartium ju n ceum could be a further hint that this compound is the likely intermediate between the tetracyclic ana gyrine and the tricyclic compounds cytisine and N-methylcytisine. Cleavage of the C 11/C 12 bond of anagyrine would result in the formation of the tricyclic alkaloid rhombifoline and subsequent loss of the N 16 side chain would result in cytisine, the precursor of N-methylcytisine.
In further studies the alkaloid pattern of the genera Calicotome, Erinacea and Gonocytisus, which form together with Spartium a group of iso lated genera within the tribe Genisteae, should be evaluated, to find out if cryptic characters like al kaloids can give some informations on the affini ties of these genera.
